39k 1 B R RBR K FZR A AR RO Vol. 39 No. 1
201141 H Journal of Northwest A&F University(Nat. Sci. Ed.) Jan. 2011

EFREAHANETF RS+ EBHBE /MRS
AL REGAMBHR

Eha' R EAEW W K°
(1 EVEIPE & S LR IR, HO V8 743000352 & VG K £ R FFRE2EBEFE 00, HlF & 78 743000
3 TEALIMVE K 2% HhHE 5 IR AL 22 B, HOR 220 730070)

[ E] (MY MRS S BCEER S S 7= A 0 58 728 BOW SR B R 80 BF 932 T 2 8 + i & X/
I R FREE AR 2 BAR A R, (0735 ) 38 F 9828 GO B /N T 3K - DR R0 25 A 0025 i IR g 78 T3 1 32
RIEAT L 2 VT & 310 AR KR B LR R0 8% 2B 3E R AR AL S BER 4 DA T 16 R HE AR 62k
TR+ e b B X% RN IR K R SR S RS AT T . LSRR Y RN RBOK AR RS A Ak EE N 20
40 60 4EACH] 90 4N 2 AN @AY IS K01, 2000 4E DG & B R /D B A4 B 4B R ET 2 A R RN
[4538) R Z W/ NRIBOK AR 255 R ZE SR SO I i) 2 5 h =X b T i 3, 55 S B VR AR &85 SR AR A . LB IF AR 25 SR 3R T,
GEAR FOBOE SR A BB LT AT AT B0, H R i pe e TR 4 g I A K /N WK AR R A A R £ B AR TR A (R AR 1t
T — o .

[REIA]  SASYEOE /DRI K B 2 35 70

[FEHZES] SI57 [Et#RiRf] A [XEHS] 1671-9387(2011)01-0171-08

Study on comprehensive benefits of soil and water conservation of
small watershed in semi-arid loess hilly region based on
catastrophe progression method
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Abstract: [Objective) Catastrophe fuzzy membership function produced by combination of catastrophe
and fuzzy mathematics theory was used to study problems about integrated multi-objective evaluation of
soil and water conservation effectiveness of small watershed in semi-arid loess hilly region. [Method] Ca-
tastrophe progression method was used to decompose contradictory multi-objective level of the small wa-
tershed comprehensive benefits in accordance with the requirements of catastrophe theory. This study eval-
uated comprehensive benefit of soil and water conservation of small Anjiapo watershed in semi-arid loess
hilly region with 16 evaluating factors selected from 4 aspects on the basis of effectiveness, economic effi-
ciency, ecological benefits and social benefits. [Result) Anjiapo small watershed comprehensive benefit
from 1960 to 1990 has two distinct growth periods, growing steadly since 2000. Ecological and economic en-
vironment of small watershed has entered into a virtuous circle simultaneously. [Conclusion) Integrated ca-

tastrophe index of Anjiapo watershed soil and water conservation showed a fluctuated increase. The conclu-
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sion is consistent with the field survey. Examples showed that the progression method is reasonable, objec-

tive and feasible. It provides a new idea to solve multi-objective evaluation on soil and water conservation

comprehensive benefits of small watershed in semi-arid loess hilly region.

Key words: catastrophe progression method;small watershed; water and soil conservation;evaluation
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Evaluation index system for benefit of soil and water conservation of Anjiapo small

watershed of Dingxi city,Gansu province

— % AR bR R

benefits

Cis KB 35 R / % Vegetation coverage

First-level Important . &L YRR
index sequence Secondary Index Important sequence

Cr HHERMAE/ (t« km 2 « 1) Soil erosion modulus 3

B FEREAL£5 . Co WP 3/ % Sediment reduction rate 4
B Basic benefit Cy e K FI 8/ % Precipitation utilization of farmland 1
Cy KW Mg s /% The total degree of soil erosion control 2

Cs WA=/ (kg « hm™?) Grain yield 4

gi ii:iffnfi ) Cs £V B 7718 /ot Agricultural output(CNY) 2
bénefils C; TR FT#k#/ % Industry and sideline contribution rate 3
Cs N¥WEE A 1/ (LIE R #7) Possession of livestock per capita 1

Cy B IR 280/ % Engel coefficient 2

By th &4k 5 Cio N #BE /(N +» km™?) Population density 1
Bj Social benefits ' ChadE4e b/ % The proportion of non-agricultural 4
Cr Bk A %/ % Land utilization 3

Cis A¥##/(hm =2 « A)Per capita cultivated land 1

By ARG i Cu B H It/ % Proportion of terrace 4
By Ecological 1 )
3

Cis NB KB %4 /(N + km™?) Environmental capacity of drinking water
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Table 2 Standardized index at different times for Anjiapo small watershed in Dingxi city,Gansu province

ﬁfdjfj; 1?2(7); 1?2;5 11’2;; 122(1); 2001 2002 2003 2004 2005 2006 2007
C 0.0000 0.1785 0.7073 0.8112 0.8658 0.8810 0.9234 0.9344 0.9874 1.0000 0.979 4
C, 0.0000  0.5984  0.9098 0.5355 0.9809 0.9918 0.9945 1.0000 1.0000 0.9727  0.967 2
Cs 0. 000 0O 0.051 8 0.059 9 0.299 7 0.5150 0.566 8 0.836 5 1.000 0 0.899 2 0.833 8 0.703 0
C, 0.0000 0.2085 0.4248 0.7267 0.8018 0.8121 0.8463 0.8803 0.9143 0.9483  1.0000
Cs 0.0000 0.0868 0.2191 0.3251 0.9258 0.9000 1.0000 0.7159 0.8102 0.6113 0.7730
Cs 0.0000  0.0093 0.0457 0.3347 0.5862 0.5948 0.5948 0.8114 0.9730 0.9730  1.0000
C 0.0000  0.0031 0.0933 0.4229 0.6784 0.7583 0.8766 0.8946 0.9183 0.9273  1.0000
Cs 0.3263 0.2632 0.7579  1.0000 0.0000 0.6632 0.3684 0.2000 0.1368 0.0842 0.178 9
Co 0.0000 0.1184 0.3451 0.5758 0.6612 0.7128 0.7895 0.8467 0.8941 0.9833  1.0000
Cio 10000  0.6027  0.4952  0.1043  0.0434  0.0347 0.0260 0.0174 0.0109 0.0000 0.0500
Cn 0.0000 0.2684 0.5174 0.4253  0.5384 0.6746 0.8113 0.8532 0.9258 0.9751  1.0000
Ciy 0.4433  0.0000 0.0167 0.7367 0.8433 0.8567 0.8933 0.9233 0.9500 0.9733  1.0000
Ci 0.0000 0.5200 0.6800 0.8800 0.9200 0.9200 0.9200 1.0000 1.0000 1.0000  1.000 0
Cu 0.0000 0.3385 0.6075 0.7784 0.8693 0.8853 0.9017 0.9184 0.9355 0.9530  1.0000
Cis 0.2746 0.0211 0.0000 0.5042 0.6389 0.6612 0.7354 0.8091 0.8828 0.9562  1.0000
Cis 0.0000  0.0667 0.3145 0.4254  0.5124  0.5916 0.6215 0.7842 0.8764 0.9754  1.0000
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Table 3 Entropies and weights of the indicators of the evaluation for benefit of soil

and water conservation of Anjiapo small watershed of Dingxi city Gansu province

o i PRI & i VKL R o1 PRI S o4 PRIz B
18 1‘4\ 18 */J\ i 1:/]\ 18 1‘4\
Index (e;) 0, Index (ej) 0, Index (e;) () Index (e;) 0,
Entropies  Weights Entropies  Weights Entropies  Weights Entropies  Weights
C 0.937 9 0.024 3 Cs 0.902 1 0.038 3 Cy 0.921 3 0.030 8 Cis 0.096 6 0.353 0
C, 0.952 2 0.018 7 Cs 0.861 8 0.054 0 Co 0.625 8 0.146 2 Cyy 0.946 8 0.020 8
Cy 0.874 6 0.049 0 C; 0.876 6 0.048 2 Cyy 0.933 6 0.025 9 Cis 0.901 2 0.038 6
C,y 0.9350 0.025 4 Cs 0.856 6 0.056 1 Cz 0.912 2 0.034 3 Cis 0.906 6 0.036 5
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Table 4 Results of the first catastrophe indicators of benefit of soil and water conservation of
Anjiapo small watershed of Dingxi city Gansu province from 1960 to 2007
B 1960 — 1971— 1981 — 1991 — -
? < =
Index 1970 1980 1990 2000 2001 2002 2003 2004 2005 2006 2007
B 0. 000 O 0.593 2 0.7237 0.819 5 0.901 9 0.913 3 0.959 9 0.985 4 0.978 9 0.972°5 0.956 7
B, 0. 000 0 0.393 2 0.629 7 0.824 9 0.682 3 0.8919 0.853 9 0.822 0 0.824 6 0.792 2 0.843 2
B; 0.487 6 0.654 7 0.868 9 0. 864 1 0.844 1 0.842 4 0.840 1 0.833 4 0.826 1 0.748 9 0. 868 2
B, 0. 000 0 0.276 3 0. 000 0 0.795 9 0.846 0 0.871 1 0.887 8 0.931 8 0.959 2 0.985 1 1. 000 0
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Table 5 The results of the total catastrophe indicators of benefit of soil and water conservation of
Anjiapo small watershed of Dingxi city Gansu province from 1960 to 2007
Iﬁfx 1?2207 1%;; ](1)23;; ]383)(; 2001 2002 2003 2004 2005 2006 2007

fiﬁ%e 0.339 6 0.764 6 0.801 2 0.938 8 0.934 6 0.959 0 0. 960 0 0.963 6 0. 966 6 0. 960 6 0.975 3

HEF 11 10 9 7 8 6 5 3 2 4 1
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Value of cataastrophe membership function
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Fig. 1 Analysis of benefit of soil and water conservation of Anjiapo small watershed of

Dingxi city Gansu province from 1960 to 2007
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